Design rules for robustness require insensitivity to local failure and the prevention of progressive collapse. This is often verified by applying the load case ''removal of a limited part of the structure''. This paper will evaluate typical structural systems for large-span timber roof structures against these requirements, comparing the results against typical reasons for damages and ∧ failures. Applying the finding that most failures of timber structures are not caused by random occurrences or local defects, but by global (repetitive) defects (e.g. from systematic mistakes), it is shown that the objective of load transfer -often mentioned as preferable -should be critically analysed for such structures. Based on these findings, proposals for structural systems and details towards a robust design of large-span timber roof structures are given.
Introduction
 1 
Robustness requirements for timber structures
The requirement for a robust structure is often defined as a 3 structure being ''designed in such a way that it will not be dam- 4 aged by events like fire, explosions, impact or consequences of hu-5 man errors, to an extent disproportionate to the original cause'' 6 [1] . A structure shall be insensitive to local failure (dispropor-7 tionate collapse), thereby including the design against progressive 8 collapse. This is a property of the structure itself, independent of 9 possible causes of initial local failure. There are several approaches 10 to demonstrate a robust design, e.g. given in [2] . One of these ap- 11 proaches is to demonstrate that a load case ''removal of a limited 12 part of the structure'' will not lead to extensive failure. 13 14 Although there is a multitude of possibilities for structural 15 systems (see e.g. [3] ), most large-span timber structures as roof 16 structures of arenas or halls are often composed of a determinate 17 primary structure carrying a secondary structure in the form of 
Structural systems for large-span timber roof structures

24
Evaluating purlin systems from a structural perspective will given spacings e p and cross-sections. Due to this and due to the 28 acceleration of the construction process, purlin systems today are 29 often realized by continuous systems like lap-jointed purlins.
30
Design rules for robustness require insensitivity to local failure 31 and the prevention of progressive collapse. This is often verified by 32 applying the load case ''removal of a limited part of the structure''.
33
In the following, typical purlin systems for timber roof structures 34 will be evaluated against these robustness requirements. 
Robustness evaluation of typical purlin systems in large-
36
span timber roof structures 37 
Evaluated system
38
The evaluation of typical purlin systems utilized for timber 39 roof structures (as shown in Fig. 3 ) with respect to their influence 40 on the robustness of the whole structural system is realized 41 by a comparison of how the removal of a limited part of the 42 structure will affect the remaining structure. This is supported 43 by comparative deterministic calculations on the exemplary roof Source: From [4] . Table 1 ''Removal of a limited part of the structure'' -failure cases (here: gerber system). will be given. The reader is therefore kindly referred to the detailed 1 description given in [5] . Typically, two cases are evaluated (see 2   Table 1 ).
3
The evaluation is based on two aspects: 4 a. Damaged area. area covered by the failed member (see Table 1 ).
16
In the case of one main member failing, simply supported extending the damaged area by 50% (see Table 1 ). Table 2 Examples for types of damaging effects and their extent.
Local effects -local failures, e.g. Global effects, e.g.
• Local deterioration of element from e.g. local water ingress • Global weakening of structural elements due to systematic mistakes.
•Local weakening of element from e.g. holes
• Global deterioration of elements from e.g. wrong assumption of ambient climate •Local overloading from e.g. local snow accumulation
• Global overloading from e.g. addition of green roof without structural verification Table 2 gives examples for both types of effects which 7 are common in timber structures. be beneficial for other types of local effects, as given in Table 2 .
Local/global effects in timber structures
13
On the other hand, numerous studies on failures in timber 14 structures e.g. [7] [8] [9] to choose an unambiguously beneficial robustness strategy.
83 Table 3 Preferable robustness approach depending on the type of damaging effect ∧ ; see Table 2 .
Local effects -local failures Global effects
• Redistribution of loads to adjacent (undamaged)
elements by e.g. redundant secondary system leading to their failure are described in detail in [12] this issue. 
Examples
Siemens-Arena
7
The Siemens-Arena (described in detail in [13] ) suffered from shortly after the opening of the arena (see Fig. 6 ). During design 
Bad Reichenhall Ice-Arena
22
The Bad Reichenhall ice-arena (described in detail in [14] ), lines and finger joints due to the humidity exposure over the years.
27
Due to fact that the secondary system, which was realized as a
28
K-bracing to also function against lateral torsional buckling, was 29 not only strong but also very stiff, the loads were shifted from 30 the girder that failed first to the neighbouring girders. Since these 31 girders suffered from the same errors and degradation processes as 32 the girder failing first, they could not sustain the additional load.
33
Consequently, this developed into a progressive collapse of the 34 whole roof structure under a large but not exceptional snow load,
35
which realized within seconds (see Fig. 7 ). will the aim to introduce diversity and indeterminacy into a struc-27 ture result in higher demands in terms of design, planning, manu-28 facture and execution, and thereby higher costs. case. This would, however, usually imply that the key elements 45 need to be over-designed in the ULS.
Conclusions
46
Since timber is a highly anisotropic material, structural ele- system (see Fig. 12 ).
72
This dual function causes the main difficulties when considering 73 robustness and the objective of realizing compartmentalization.
74
To obtain functionality as bracing against wind loads and lateral layout of this detail is sketched in Fig. 14.
Detailing of connections with respect to robustness
36
The supports of the purlins on the main members could then 
66
The steel-ties need to be designed for axial tension forces. But . Primary beam with cross-section to enable internal stability against lateral torsional buckling, also capable to transfer external horizontal loads (e.g. wind loads).
Outlook 1
It is the belief of the author that given statements are valid for 
12
An in-depth description of the approach and presentation of the 13 results will be given in [16] . First results from a model of different 14 purlin systems (which assumes that the primary beams are intact) 15 indicate that statically indeterminate purlin systems feature higher 16 system reliability but also higher consequences of failure.
These studies are performed as part of European research ef-
17
forts on the understanding of robustness of timber structures.
18
Future steps in these efforts involve an evaluation of typical struc- 
